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Transistor quickly wakes sleeping LDO 

Christophe Basso, Motorola Semiconductor, Toulouse, France 



Portable systems, such as telephone handsets, 
make extensive use of low-dropout (LDO) regu- 
lators. These components provide noise-sensi- 
tive parts with a stable power-supply line. 
When a telephone enters standby mode, most 
of the circuits go to sleep by disabling the LDO's 
outputs. Operating current thus drops to a min- 
imal level. When a user starts to dial a number, 
the LDO receives an enable signal and immedi- 
ately delivers the nominal operating voltage. 
Unfortunately, most low-noise LDOs use a 
bypass capacitor that briefly loads the internal 
reference voltage upon wake-up. In fact, the 
output exhibits a latency period before reaching 
its steady-state level. With a 10-nF bypass capac- 
itor, this period typically lasts 1 msec and cor- 
respondingly degrades the overall response 
time. The ultra-low-noise MC33263 from 
Motorola (www.motorola.com) also uses a 10- 
nF bypass capacitor. However, the EZCap archi- 
tecture of the IC allows the use of an inexpen- 
sive decoupling capacitor (ESR from 10 mfl to 
3H) and allows the designer to speed the wake- 
up time (Figure 1). 

The base of a low-cost pnp transistor con- 
nects to an RC network. At power-up, C 4 
discharges. When the control logic 
sends its high-going wake-up signal, the 
transistor's base is momentarily tied to 
ground. The transistor turns on and 
immediately charges bypass capacitor 
C, toward its nominal operating volt- 
age. After a few microseconds, the pnp 
turns off and becomes transparent to 
the regulator. This circuit dramatically 
improves the response time of the regu- 
lator from 1 msec to 30 (j.sec (Figure 2). 
You need only adjust the RC time con- 
stant to avoid any bypass-capacitor 
overload during the wake-up transient. 
Such an overload would generate an 
unacceptable output overshoot. Be- 
cause the transistor connects to the 
bypass pin, it does not degrade the noise 
performance of the LDO. (DI #2241) 
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An inexpensive transistor and two passive components drastically improve 
the wake-up-response time of a linear regulator 
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The simple circuit in Figure 1 improves the wake-up response time of the LDO from 
1 msec (upper trace) to 30 usee (lower trace). 
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Circuits provide 4- to 20-mA PWM control 
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Figure 1 



Tom Gay, Darmstadt, Germany 

The circuits in Figures 1 and 3 are use- 
ful when you use 4- to 20-mA current- 
loop signals to control a PWM signal. In 
both circuits, the minimum pulse width 
(corresponding to a 4-mA loop current) 
and the maximum pulse width (corre- 
sponding to a 20-mA loop current) are 
independently adjustable in the dedi- 
cated application with the use of one 
reference voltage. Furthermore, the cir- 
cuits shut down the PWM output signal 
in case of a loop break. Both circuits are 
low-cost; you can use any op amp that 
provides an adequate slew rate to han- 
dle the desired PWM frequency. 

The PWM circuit in Figure 1 uses 
free-running oscillation. Amplifier ICj is 
a noninverting integrator that forces a 
constant current, I c , into C,, thus pro- 
viding a constant linear slope on its out- 
put, V PWM . When the divided f raction of 
V nvM reaches the level of V r on the neg- 
ative input of comparator IC 3 , the com- 
parator's output switches high. Hence, 
FET Q 2 short-circuits divider resistor R 5 , 
and the undivided level of V mM under- 
goes comparison with V c . R 7 extends 
the turn-on time of Q, with respect to 
Q 2 , such that FET Q, discharges C, with 
minimum delay. The output of amplifi- 
er IC,, V pwM , then rapidly slews down to 
the level of V R4 . 

Consequently, the output of com- 
parator IC, switches back to logic low, 
and IC, restarts charging C r To ensure 
that IC 3 returns to a logic-low level, you 
must generally set V c a few millivolts 
higher than V R4 . The divider network, 
R 2 , R 3 , and R 4 , guarantee this setting. 
You can use the output of comparator 
IC ? as a trigger signal for synchronizing 
other circuits. Resistor R w terminates 
the loop current, and comparator IC 2 
provides the PWM circuit's output sig- 
nal, PWM OUT , by comparing the cur- 
rent-loop signal V N with V rvvM . The cir- 
cuit in Figure 1 has PWM 0(ri set to 0% 
duty cycle at 4-mA loop current and 
80% at 20-mA loop current (Figure 2). 

The circuit in Figure 3 is a simplified, 
gated version of the circuit in Figure 1, 
with a synchronization input. It works the same, with one 
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A free-running oscillator powers a current-loop controller for PWM signals. Duty 
cycle varies from to 80% over the full-scale current range. 
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difference: The output of amplifier IC,, V, )WM , rises to and 



remains at the positive supply rail for IC,. As before, FET Q, 
short-circuits C, with each rising edge on the Sync input, 



This simplified version of the circuit in Figure 1 has a synchronization input instead 
of an output. 

causing IC, to slew V,, VVM down to the level of V M . The net- 
work comprising R 2 , R s , and C 2 transforms a low-to-high tran- 
sition on the Sync input into a narrow gate pulse, which turns 
on Q, for a short time. If you connect the Sync output of the 
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circuit in Figure 1 to the Sync input of 
the circuit in Figure 3, you can omit R 2 , 
R s , and C 2 . The following formulas 
apply to Figure h 
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These equations apply to Figure 3: 
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The circuit in Figure 1 provides a linear duty cycle- versus current function. a 
function of the current, determines the duty cycle. 



Circuit uses simple LED for near-IR light 

LUKASZ SUWCZYNSKI, MARCIN LlPINSKI, INSTITUTE Of ELECTRONICS, KRAKOW, POLAND 



You can successfully use LEDs as sources 
of near-infrared light. However, when 
you need a source of light with precise- 
ly controlled power, a feedback loop is 
necessary to compensate for the tem- 
poral and thermal changes of the LED 
parameters. Standard LED types come 
with neither these monitoring detec- 
tors nor an external monitoring photo- 
diode to detect part of the emitted light 
and generate a feedback signal. The sit- 
uation calls for some mechanical fix- 
ture to mount the photodiode. Such a 
solution, however, is bulky and cum- 
bersome, especially when space is 
scarce. You can solve the problem by 
using an 880-nm IPL10S30KAL hybrid 
detector/emitter module from Integrat- 
ed Photomatrix Ltd. A modulated IR 
light source uses only one dual op amp, 
a transistor, and two voltage regulators 
(Figure 1). 

The modulation input acts as a refer- 
ence voltage and connects via amplifier 
1C U to the comparing feedback-loop 



TRONIC*, KRAKOW POLAND 





Figure 1 



2x10 nF 

- j 7905 I * O- 




-i(- 4 ffSm It 

-± 1/2 i Rn 



AD822 < 10k 




Ro 220 pF 



A few inexpensive components connected to a detector/emitter module enable you 
to obtain precise control of near-IR emitted light. 
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amplifier, IC Iir The resulting output 
voltage drives the output transistor, Q f , 
which directly drives the LED. Resistor 
R F limits the maximum drive current to 
approximately 80 mA, thus preventing 
damage to the LED. You can reduce R t 's 
value if you need higher power levels; 
the absolute maximum rating for the 
LED is 500 mA. If you change R F you 
may need to alter the frequency-com- 
pensation network. The network com- 
prises R ( , and C c and introduces a pole 
at Hz and a zero at V.2ttR ( C r into the 
open-loop transfer function. The zero 
cancels the pole (at approximately 100 
kHz) that the monitoring-photodiode 
preamplifier introduces, so the pole is a 
dominant pole in the feedback loop. 

With the component values shown, 
the 3-d B modulation bandwidth of the 
source is approximately 40 kHz. You can 
experimentally determine the value of the compensating 
capacitor, C c . by observing the voltage at Pin 3 of IG, and dri- 
ving the circuit with a square wave (Figure 2). The output is 
a filtered version of the optical-output waveform. A Spice 
simulation shows the phase margin to be approximately 85°. 
The AD822 dual rail-to-rail op amp accommodates modula- 
tion-input voltage from to 5 V. The .slope efficiency of the 
entire source (defined as dP x /dV M(i| ) is approximately 1.5 
mW/V and may vary slightly from unit to unit of 
detector/emitter modules. 
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IC 2 in Figure 1 delivers a clean response to a modulation-input step function. 



You can use this design as an IR light source in a precise 
reflectrometric measurement system incorporating pulse 
modulation and synchronous detection. To increase accura- 
cy of the system comprising the entire optical head, you can 
install the system in a thermally stabilized environment with 
temperature controlled to within 0.5°C. The long-term mea- 
sured power stability of the source is better than 1 ppm after 
initial warm-up. (DI #2243) 
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Two-DAC circuit adds and subtracts 

V Manoharan, Naval Physical and Oceanographic Laboratory, Kochi, India 



A typical way to add two binary words and provide an ana- 
log output is to use several digital ICs that drive a DAC. The 
circuit in Figure 1 eliminates the use of several digital-IC 
packages and, hence, the need for the digital power supply. 
The circuit simultaneously carries out addition and subtrac- 
tion on two 8-bit binary words and presents the output in 
bipolar analog form. 

The hardware consists of four ICs, and the operation takes 
only 85 nsec, which is the settling time of the DACs plus the 
settling time of the op amp. lC t , a precision 10V reference, 
provides the reference current for both multiplying DACs: IC 2 
and IC r For these DACs, I^IOV/R,, and I HII -tOV/R r In 
this case, I R ,, A =I R[ , FB =I RHI ..=2 mA. 



The output currents, I OA and I OB , depend on the respective 
A and B binary inputs and the input reference currents as fol- 
lows: 
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where n is the number of input bits and N A and N B range in 
value from to 2 n -l, in accordance with the input binary 
words. 
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The DAC-08 has complementary current outputs. There- 
fore, you can express the complements of I OA and I OB as 



and 



!oA - hs -I OA, 



!qB - If S ~~ ^OB/ 



(3) 
(4) 
(5) 



IC 4A serves as both a current-to-voltage converter for I 0B 
and a buffer to the potential drop across R 3 because of the 
flow of I 0A . Thus, assuming R 3 =R 4 , 



V OUT(A-B) ~ J OB * R 4 - W * R 3 
= ( I OB _I OA ,R 4- 



(8) 



where I F5 , the full-scale current of the DAC, is 
2 n -1 

The circuit configures IC 4B as a current-to-voltage con- 
verter. Thus, 

V OUT(A+B) = ^OA • R 5 + J OB * R 5- (6) 

Substituting I OA and I OB from Equations 1 and 2 into Equa- 
tion 6 yields 

N 

\2 



Substituting I 0A and I OR from Equations 3 and 4 into Equa 
tion 8 and assuming that R 4 =R 5 result in 

v out(a-b) = Pis - Job) - (Irs - k>*)b R 4 
= ( i oa-Iob) , R5 



(9) 



V OUT(A+B) = f REF • I ^7 j ' R 5 + !rEF * I I * R 5 



Im^. ( n a -n b ). 



• R< 



(DI #2226) 
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Two DACs and two op amps simultaneously carry out both addition and subtraction on two 8-bit binary words. 
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Calibration technique uses sound 

Aubrey Kagan, Weidmuller Ltd, Markham, On, Canada 



A number of Weidmuller Ltd's (www. 
weidmuller.com) products require output 
calibration for zero and span. Normally, a 
technician calibrates a product by monitor- 
ing a digital readout and adjusting the zero 
and span potentiometers in turn. Because 
the technician must concentrai e so heavily 
on the readout, the technician often experi- 
ences eyestrain, and the screwdriver often 
slips from the potentiometer. You can use an 
ADC card to implement the calibration func- 
tion on a PC, and you can add an audio fea- 
ture to simplify the calibration. In some 
cases, the use of audio can replace the need 
for a digital readout. 

The audio spectrum arbitrarily divides 
into two sections: The first section ranges 
from 100 to 500 Hz; the second is 1 kHz and 
higher. The method compares the measured 
value from the device under test (DUT) with 
the desired value. If the measured value is 
lower than the desired value, the output is a 
frequency from the lower range. Conversely, 
if the measured value is higher than the 
desired value, the result is a frequency from 
the higher range. The further away the mea- 
sured value is from the desired value, the 
lower or higher in frequency the audio sig- 
nal becomes. The object is to adjust the rele- 
vant potentiometer to produce no tone — a 
result that occurs within a window around 
the desired value. Although the calibration 
process is intuitive, the program in Listing 1 
visually prompts the technician about which 
potentiometer to adjust and in which direc- 
tion to turn it. The technician quickly 
becomes accustomed to which speed, based 
on the audio frequency, he or she should 
adjust the potentiometer to and learns to 
slow the trimming as the measured value 
approaches the desired value. The program 
uses Turbo C++; Listing 1 shows only the rel- 
evant sections of code. (You can download 
Listing 1 from EDN's Web site: www.edn- 
mag.com. At the registered-user area, go into 
the Software Center to download the file 
from DI-SIG, #2246.) (DT #2246) 
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Listing 7— Audio-calibration routine 



^include <dos.h> 
Sdefine TOLERANCE 10 



int tv, vt . in^range; 
int channel; 



//prototypes 

void soundlo (unsigned int freq) ; 
void soundhi (unsigned int freq] ; 
int ADCreading (int channel); 
int FetchSetPoint (void) ; 

void main (void) 



tv^ADCreading ( channel ) ; 

//reading the A/D channel and conditioning it to the desired units 
vt=FetchSetPoint ( ) ; 
//fetch the desired value 
in_range-0; 

/ / set flag for out of range 
if (tv>=vt) 

{//select frequency in upper range 
if ( (tv-vt) >TOLEHANCE) 

(//make a sound proportional in upper range 
soundhi (tv-vt) ; 

) 

else 

(//turn off sound 
nosound ( ) ; 
in__range=l; 



> 



else 
//sel 



ct frequency in lower range 
if ( (vt-tv) >TOLERANCE) 

[//make a sound proportional in upper range 
soundlo (vt-tv) ; 

I 

else 

(//turn off sound 
nosound ( ) ; 
in_range=l ; 

) 



void soundhi (unsigned int freq) 
i 

sound (1000+1 (freq) /2) ) ; 

) 

void soundlo (unsigned int free) 
1 

unsigned int temp; 

//checking and limiting minimum frequency to 100Hz 
if ( (freq/2)>=400) 
temp->100; 

else 

temp=5Q0- ( (freq) 12) ; 
sound (temp) ; 
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